INTRODUCTION
Recent changes in the defense priorities of the industrialized nations have increased an already strong demand for an objective means of detecting concealed information. The brain correlates of deception are not well understood, though it is a complex behavior that is likely to engage theory of mind, recall, response inhibition, and working memory. In addition to the forensic applications, understanding the neurobiology of deception could provide an important link between psychodynamic and biological psychology [Spence et al., [2004] ]. Elucidaiton of the functional anatomy with valid models of deception, followed by a careful assessment of the accuracy of each specific model in discerning truth from lie, is a prerequisite for the successful translation of research findings into a clinically useful method of identification of deceptive behavior [Wolpe et al., [2005] ]. Deception can be defined simply as denying what is [Augustine, [1948] ]. Contemporary definitions emphasize an intentional effort to instill a false belief [Gur and Sackeim, [1979] ] in an unknowing target [Ekman, [2001] ; Vrij, [2001] ].
Currently, polygraph is the principal physiological method of lie-detection [Stern, 2004] . Its specificity is limited because it relies on the correlates of peripheral nervous system activity, while deception is a cognition event with top-down control by the central nervous system (CNS) . Experiments using CNS measures obtained by electroencephalography (EEG) or functional magnetic resonance imaging (fMRI) provide hope for more accurate detection of deception by comparing the time course and topography of regional brain activity during exposure to cues designed to elicit truth and lie [Rosenfeld et al., [1988] ; Spence et al., [2004] ].
Several fMRI studies reported increased prefrontal and parietal activity during lie, with a subset reporting anterior cingulate cortex (ACC) activation or prolonged response time (RT) with lie [Ganis et al., [2003] ; Kozel et al., [2004] ; Langleben et al., [2002] ; Lee et al., [2002] ; Nunez et al., [2005] ; Spence et al., [2001] ]. Based on these findings, deception has been conceptualized as inhibition of truth and generation of lie mediated by the prefrontal cortex, with truth being a routine response mediated by the posterior structures [Langleben et al., [2002] ; Spence et al., [2004] ].
Critical questions remain concerning the use of fMRI in lie detection. First, the pattern of activation reported in deception studies was also observed in studies of working memory, error monitoring, response selection, and target detection [Hester et al., [2004] ; Huettel and McCarthy, [2004] ; Zarahn et al., 2004] . Second, inference in the General Linear Model (GLM) analysis of blood oxygenation level-dependent (BOLD) fMRI is based on a contrast of conditions, making the choice of a control condition critical. Thus, the difference in the attentional value (salience) of the cue (condition) intended to elicit lie and the control truth may have confounded previous studies [Cabeza et al., [2003] ; Gur et al., [2004] ; Langleben et al., [2002] ]. Finally, the sensitivity and specificity with which an fMRI experiment can discriminate lie from truth in the individual subject or single event level is unknown. Our hypotheses were:
1 The magnitude and topography of the differences between lie and truth is affected by the relative salience of the target and control items: a Lie contrasted with truth condition of lower salience will yield a pattern of activation seen in target detection and deception tasks including the inferior lateral prefrontal (Brodmann area (BA) 44-47), dorsolateral and medial superior and middle frontal gyri (BA 6, 8-10), the anterior cingulate cortex (BA 24/32), and the superior and inferior parietal lobule (BA 7, 40); b Lie contrasted with truth condition of equal or higher salience will result in activation in a subset of the regions, activated in the nonsalience-controlled contrast, predominantly associated with response inhibition and selection (e.g., the inferior lateral prefrontal gyri).
SUBJECTS AND METHODS Participants
Twenty-six right-handed male undergraduate students (mean age = 19.36, standard deviation (SD) = 0.5). After a complete description of the study, written informed consent was obtained.
Task
We used a modification (GKT2) of the previously reported Guilty Knowledge Task (GKT2) [Langleben et al., [2002] ]. A pseudorandom sequence of photographed playing cards was presented. The series included five stimulus classes: (1) Lie (5 of clubs or 7 of spades); (2) Truth (5 of clubs or 7 of spades); (3) recurrent distracter (2 of hearts); (4) variant distracter (remaining cards 2-10, all suits); and (5) null (back of a card). To match the attentional demands, the assignment of lie and truth card occurred at the instruction session (see below). Cards were presented for 2 s followed by a variable ISI (0-16 s) during which the null condition (192 total) was displayed. Twenty-four Lie, Truth, and recurrent distracter cards and 168 variant distracter cards were shown. Participants were instructed to press a left button (yes) to confirm that a card was in their possession or the right button (no) to deny it. A total of 432 stimuli were presented with a total session length of 14.4 min.
Stimuli were rear-projected to the center of the visual field using a video projector (PowerLite 7300; Epson America, Long Beach, CA) viewed through a head coil-mounted mirror. Stimuli presentation was synchronized with image acquisition using the PowerLaboratory platform [Chute and Westall, [1997] ]. Responses were made by button press on a fiberoptic-response keypad (fORP; Current Design, Philadelphia, PA). Participants were randomly assigned use of their dominant or nondominant hand and responses were recorded via a fORP.
Instruction Protocol
Participants were presented an envelope containing two cards (5 of clubs and 7 of spades) and $20. The principle investigator (D.D.L.) instructed participants to deny possession of one of the cards and acknowledge possession of the other in the imaging phase of the study. Participants were told they could keep the $20 only if successful in concealing the identity of the lie card during the scan session. Participants were escorted to the scanner by a third party and instructed by the fMRI investigator (J.W.L.) to respond to each trial as accurately and truthfully as possible. After the session, participants were debriefed, informed that the compensation was not contingent on performance, queried about the lie card, and asked if they employed any strategy during the task.
Image Acquisition
Images were acquired with blood-oxygen level dependent (BOLD) imaging [Bandettini et al., [1992] ] on a clinical 3 T Siemens Trio Scanner (Iselin, NJ). A 5-min, magnetization-prepared, rapid-acquisition gradient echo image (MPRAGE) was acquired for anatomic overlays of functional data and spatial normalization [Talairach and Tournoux, [1988] ]. BOLD imaging used a 33-slice whole-brain, single-shot gradient-echo (GE) echo-planar (EPI) sequence (TR/TE = 2000/21 ms, FOV = 240 mm, matrix = 64 × 64, slice thickness/gap = 4/0 mm). This sequence delivered a nominal voxel resolution of 3.75 × 3.75 × 4 mm.
Data Analysis
Percent correct and median reaction time (RT; in milliseconds) were calculated for each stimulus class (Table 1) . Differences in percent correct and reaction time among the four classes were evaluated using separate repeated measures analysis of variance (ANOVA). To satisfy the normality assumptions of ANOVA, the arcsine transformation [Cohen, [1988] ] was applied to the percentages. Values are expressed as mean (SD). Pairwise P > 0.05 for all. fMRI data were preprocessed and analyzed with SPM2 (Wellcome Department of Cognitive Neurology, London, UK). Images were slice time-corrected, motion-corrected to the median image using b-spline interpolation (4 df), high-pass filtered (100 s), and spatially smoothed (8 mm full width at half maximum (FWHM), isotropic). The median functional and anatomical volumes were coregistered, then transformed into the standard anatomical space (T1 MNI template) using the tri-linear interpolation [Ashburner and Friston, [1999] ].
Subject-level statistical analyses used the GLM as implemented in SPM2. The four-condition events were modeled using a canonical hemodynamic response function and maps of the following linear contrasts were produced: (1) truth minus baseline, (2) lie minus baseline, (3) truth minus recurrent distracter, lie minus recurrent distracter, lie minus truth, truth minus lie, and recurrent distracter minus variant distracter. Only voxels significantly activated for the truth minus baseline and lie minus baseline contrasts were retained for further analyses. To control for the potential motor contribution [Langleben et al., [2002] ] to the main contrasts, participants were randomly assigned dominant or nondominant response hand. Differences between dominant and nondominant groups were tested with a whole-brain mixed model ANOVA. A similar analysis examined group differences between participants who reported use of any strategy during the task and those that did not (Strategy, No Strategy) . For the complete sample grouplevel random effects analyses were accomplished by entering whole-brain contrasts into one-sample ttests and resulting SPM {T} maps were transformed to unit normal distribution SPM {Z} maps.
Significance thresholds were based on spatial extent using a height of z 2.57 and cluster probability P 0.05 [Forman et al., [1995] ]. This resulted in a corrected probability of P 0.05, based on the theory of Gaussian fields [Friston et al., [1993] , [1994] ]. Identified clusters were then divided into anatomical regions using the Talairach Daemon database [Lancaster et al., [1997] ]. For discussion purposes, the Lie -Truth contrast was presented at P > 0.05, uncorrected.
Predictive ability at the within-subject, single-event level was evaluated using a stepwise model-building process for logistic regression, with classification and regression trees (CART) used to evaluate potential interactions for the model. Functional regions of interest (ROIs) were derived from the group analysis and applied to a secondary single event regression. Because a group cluster peak may not accurately capture individual activation, we included neighboring voxels (two voxels in 3-D) effectively smoothing percent signal change around the maxima. A total of 19, 125-voxel ROIs (20 × 20 × 20 mm cube) were grown from the cluster maxima of the following initial group contrasts: lie minus recurrent distracter, truth minus recurrent distracter, truth minus lie, and lie minus truth. The mean percent signal change for each ROI was estimated with a second regression model for 48 separate lie and truth events and these data subjected to further analysis.
The area under the curve (AUC) of the receiver operator characteristic (ROC) function, a plot of 1specificity (probability of the model wrongly predicting a lie) vs. sensitivity (probability of the model correctly predicting a lie) was used to evaluate predictive ability. The AUC is the probability of accurately classifying a pair of observations, where one is truth and one is lie. Secondary measures assessed the percent of observations correctly classified and the odds ratio for truth for each ROI relative to the regional activations.
The AUC was obtained using Logistic Regression Analysis implemented in STATA 8 (Stata, College Station, TX, 2004), with truth vs. lie as the binary outcome and the selected ROIs (mean percent signal change) as the predictor variables. A stepwise approach to selecting the predictor variables was used. ROIs were added as predictors based on improvement in model predictive ability, with the best single predictor added first and additional predictors based on increased predictive ability conditional on the ROIs already included in the model. Predictors could potentially be removed, if in the presence of other predictors they no longer add significant predictive ability (P-value to enter < 0.20, P-value to remove > 0.25). CART analyses [Breiman et al., [1984] ; Clark and Pregibon, [1993] ] (SPLUS, Mathsoft, Cambridge, MA, 1999) were used to detect potential interactions among ROIs, with these interactions then tested as potential predictors in the stepwise logistic regression models. In order to adjust for multiple nonindependent observations from each subject (truth/lie outcome for each card presented to each subject), a robust variance correction was used in all logistic regression models [Williams, [2000] ].
Validation of the model was addressed with three additional analyses. First, a validation dataset consisting of four additional subjects was assessed. Second, a bootstrap approach was used to assess the reproducibility of the automated stepwise logistic regression model [Styerberg, [2001] ], which is more efficient than a split-sample approach. Ten thousand bootstrap samples were selected and the percentage of times each predictor considered was included in the stepwise model was determined. Third, adjustments for optimism [Efron and Tibshirani, [1993] ] were determined for the prediction error, AUC, and the accuracy of the final stepwise model. Considering the predictors in the final stepwise model, coefficients were determined for each of the 10,000 bootstrap samples. Optimism of the prediction error is the excess prediction error that is added to adjust for the fact that the prediction is typically not as good for other datasets. The optimism adjustment for the prediction error is the difference between the prediction error from the bootstrap sample and the prediction error from the original data. The optimism is added to the prediction error from the final model to obtain an optimism adjusted prediction error. Similar adjustments were made for the AUC and the accuracy, where these were both lowered to account for the optimism.
RESULTS Behavioral
A significant difference in accuracy (F(3,19) = 9.62, P < 0.05) and response time (F(3,19) = 31.44, P < 0.05) was observed among the four stimuli classes (Table I) . Eleven participants reported intentionally focusing attention on the truth stimuli during the task and 11 participants denied using any strategy.
There was no difference between the strategy and no strategy cohorts in the performance accuracy 
fMRI Group Results
When Lie was contrasted with Repeat Distracter (nonsalient truth), significant cluster centroids were located in left inferior frontal gyrus (IFG), Brodmann area (BA) 13, right IFG (BA 47), right medial frontal gyrus (MFG) (BA 8), and right supramarginal gyrus (BA 40) ( Figure 1 , Table II ). Subregions within right MFG cluster included superior and medial frontal gyri bilaterally (BA 8, 9) extending to the right supplementary motor area (SMA, BA 6) and the ACC (BA 32). The IFG (BA 47) cluster included BA 44, 45, and 46, the lateral aspect (frontal eye field, FEF) of the precentral gyrus (BA 6), and the insula (BA 13). Finally, the right inferior parietal lobule (IPL) and the adjacent superior temporal gyrus (BA 22) showed activation within the supramarginal gyrus (BA 40) cluster. Z values represent peak activation for atlas-derived subdivisions greater than two voxels. (Figure 1 , Table III ) yielded no significant clusters. When examined at a threshold of P 0.05 uncorrected, peak Z scores were located within regions significant in the Lie minus Repeat Distracter contrast. These included the left IFG (BA 44-47), the medial left SFG and MFG, and medial frontal cortex (BA 6, 8) .
Several regions showed greater activation to the salient Truth condition than to the Lie trials ( Figure 1 , Table IV ). Significant clusters were seen in IPL bilaterally (BA 40), extending to the postcentral gyrus, the superior parietal lobule (SPL), BA 1-5, 7, and the precuneus (BA 7). Activation was also seen in the lateral aspect of the left MFG and precentral frontal gyri (FEF, BA 4,6), medial aspect (SMA) of the right MFG (BA 6), the cingulate gyrus (BA 24), and the left ACC (BA 32), the bilateral cerebellum: tonsils, pyramis, and uvulae, and the bilateral IFG (BA 9) extending to the precentral cortex (6, 44), striatum, insula, and the left thalamus.
A group main effect (dominant vs. nondominant) was seen in the primary motor cortices with circumscribed activation for right-hand responders located in the left precentral gyrus (BA 4) and for the left-hand responders in the right precentral gyrus (BA 4). When comparing dominant and nondominant response hand groups for contrasts between stimuli classes requiring a button press (e.g., Lie > Repeat, Truth > Repeat, Lie > Truth, Truth > Lie), no regions showed a main effect. Analyses examining group differences between participants who reported intentionally focusing on the truth target and those who were not aware of using a strategy showed no group main effect.
Logistic Regression Analysis of Within-Subject Single-Event fMRI Data
Average percent signal change in 19 significant ROIs (Table V) for the Lie or Truth conditions (from multisubject average presented in Fig. 1) , were tested for their ability to accurately classify Lie and Truth trials. First, each ROI was assessed for predictive ability of truth vs. lie using a logistic regression (adjusting parameter variances for nonindependent observations). The best single predictor was the left IPL (BA 40). AUC for this ROI alone was 0.7509, with an accuracy of 67.27% (percent correctly classified), and an odds ratio (OR) of 0.6401. The next-best single predicting ROI was left MFG (BA 6), with an AUC of 0.7160, an accuracy of 74.36%, and an OR of 0.6788. The third-best ROI was left IFG (BA 45), AUC = 0.6496, an accuracy of 62.73%, OR = 1.2. Stepwise logistic regression was then used to construct a model containing the set of regions that can best predict lie vs. truth. Potential interactions of the selected regions were assessed using CART, with these interactions then tested for inclusion in the final logistic regression model. The tree from CART (Fig. 2) shows that the first four most predictive potential interactions are ROIs 1, 2, 9, and 14. None of the interactions with ROI 9 were significant in the logistic regression model and so were excluded from further analysis. Two-and three-way interactions of 1, 2, and 14 (left IFG, MFG, and IPL) were considered for inclusion in the final model. 
Figure 2. Classification and regression trees (CART) plot, showing the first six nodes (up to three-way interactions) for the peak and mean MRI signal (max and min). All 19 brain regions were included in the full tree applied to the single trials data. [Normal View 12K | Magnified View 29K]
The final stepwise logistic regression model, allowing potential inclusion of each ROI and of the interaction terms for all included regions, is shown in Table VI. The final model includes 14 ROIs, as well as three two-way interactions and one three-way interaction. The final model has an AUC of 0.8467. The prediction error, which is the mean squared error of the predicted probability of the outcome being a lie, was 0.1593. Using this model for prediction of the observed experiment, it correctly classifies 78.00% of the observations with a sensitivity of 76.33% and specificity of 79.55% (Fig. 3) . The positive predictive value (PPV) was 0.7750 and the negative predictive value (NPV) was 0.7845. Ignoring the interactions detected by CART, the AUC was reduced from 84.67 to 84.38% and percent correct was reduced to 77.18%. Table VII ) was validated using three approaches. First, the predictive ability of the model was determined for four additional participants, demographically matched to the main cohort, serving as a validation sample. Using the same paradigm as above, the final logistic regression model predicted lie vs. truth for these four participants with an accuracy of 76.5% (153/200), sensitivity of 68.8% (66/96), specificity of 83.7% (87/104), PPV of 79.5% (66/83), and NPV of 74.4% (87/117). This validates the model's high predictive ability. Second, for 10,000 bootstrap samples the percentage of times each predictor considered was included in the stepwise model was determined (right column, Table VI ). All predictors in the final model were included in a large percentage of the bootstrap models. Furthermore, predictors not included in the final model were included in small percentages of the bootstrap models or not included at all (note that the three-way interaction was highly significant and therefore the three-way and two-way interactions were included or excluded as a group). This validates the choice of the predictors included in the final stepwise model. Third, the optimism adjusted values of predictive ability were determined. These were: a prediction error of 0.1658 (an increase of 0.0064 for optimism ), an AUC of 83.62% (a decrease of 1.05 for optimism ), and an accuracy of 77.12% (a decrease of 0.88 for optimism ). Thus, there are only very small changes in the measures assessing predictive ability after adjustment for optimism, which adjusts for the expected differences that would be observed if the final model were fit to additional subjects.
DISCUSSION
The results indicate that the attentional orientation system involved in the visual target and novelty processing, and the working memory system involved in contextual processing, are active during deceptive behavior. Though partially overlapping, the attentional system involves parietal and insular cortex and subcortical nuclei, while the contextual system usually includes the medial and lateral prefrontal cortex (BA 6, 8, 9, (44) (45) (46) (47) . ACC activation has been reported in both, although there may be anteroposterior segregation between the BA 32 and 24 components [Bush et al., [1999] ]. As hypothesized, when compared to a control (truth) condition of lower relative salience, lie trials activated both the attentional and the contextual working memory system. Consistent with earlier studies [Spence et al., [2004] ], this included the bilateral inferior lateral and superior medial frontal cortices (including the ACC), the lateral and medial premotor cortex (SMA and FEF), the right inferior parietal cortex, and the insulae (Fig. 2) . In the salience-controlled contrast, however, Lie-related activation was both less robust and limited to areas associated with context processing -the left IFG (BA 44-47) and the medial (SMA) and lateral (FEF) aspects of the left SFG (BA 6 and 8). Activation in the Truth vs. Lie contrast was closer to the attentional circuitry, since in addition to the rostral left ACC (BA 32), the medial and lateral prefrontal gyri, and the IPL (BA 40) of the inferior parietal cortex, it also involved the dorsal part of the ACC (BA 24), the precuneus, the SPL (BA 7, 5), and the left thalamus. All these were seen in addition to the parietal (BA 40) activation, which is also found in the nonsalience controlled Lie contrast. In each frontal cortical region where Truth and Lie related activation partially overlapped, Truth-related activation was posterior to Lie. This pattern is consistent with the hypothesis of the anteroposterior hierarchical organization of the prefrontal cortex and supports the notion that Truth responses required less working memory effort than Lie [Koechlin et al., [2003] ; Pochon et al., [2002] ].
Together with the behavioral results and the task structure, the activation pattern of Lie and Truth suggests that they are mediated by similar networks. Truth was associated with the longest RT, followed by Lie, while the only strategy consistently employed by participants was to ignore the Lie item and focus on the Truth item. These findings indicate that the direction of the differences between lie and truth was influenced by the relative salience of the lie and truth items and is thus task-dependent. These data also allow inference about the basic neural components of deception, at least within a forced-choice paradigm; the inferior lateral prefrontal (BA 44-47) and medial superior frontal (BA 9) cortices were activated in both salience-controlled and nonsalience-controlled Lie contrasts, indicating potential specificity for lie.
The significance of inferior lateral prefrontal and medial superior frontal regions to deception is confirmed by results of the logistic regression analysis, since the left inferior lateral cortex was among the four regions that contributed most to the Lie/Truth discrimination: the left IFG, the parietal somatosensory IPL (BA 40), and the premotor (BA6) and the MFG (BA8). Inferolateral PFC had the highest OR for Lie, indicating a positive association with deception. Since the ACC was not among these regions, it is less likely to be predictive of Lie. Remarkably, the somatosensory association area (BA 40) and the insulae have been associated with the electrodermal response [Critchley et al., [2000] ; Tranel and Damasio, [1994] ]. In our experiment the insulae were activated in both Lie and Truth contrasts, but the activation in the Lie-Repeat contrast was anterior to the Truth-Lie contrast. The anterior insula is central in the mediation and integration of the afferent interoceptive (somatic) input, and thus could link the deceptionrelated brain activity with the peripheral indices of arousal used in the physiological lie-detection with the polygraph [Critchley et al., [2004] ; Tranel and Damasio, [1994] ]. The somatosensory association area was activated by the nonsalience controlled Lie and in Truth contrasts and could therefore be driven by salience, deception, or both. Indeed, an efficient task performance involved assigning greater attention to the Truth item as the item to be sacrificed and attempting to ignore the Lie item, further reducing the salience of the Lie relative to the Repeat Distracter. This approach has been used as a successful countermeasure to a similar task in an EEG study [Rosenfeld, [2004] ].
The left inferior and middle frontal cortex has been implicated in response inhibition [Konishi et al., [2003] ; Rubia et al., [2003] ; Schulz et al., [2004] ] and memory suppression ]; however, the functions of this area extend beyond response inhibition. Joint activation of the inferolateral frontal cortex (BA 44-47) and the SMA (BA 6) has been associated with generation of language and other speech (e.g., sign-language) [Horwitz et al., [2003] ] and response selection in paradigms requiring task switching or outcome assessment [Lau et al., [2004] ; Paulus et al., [2004] ; Rowe et al., [2000] ; Turk et al., [2004] ; Zhang et al., [2004] ]. Activation in the BA 44-45, BA 40, bilateral dorsal and left medial BA 6, left ACC, and BA 8 was also correlated with increasing working memory load [Nunez et al., [2005] ; Zarahn et al., 2004] . The lateral and medial premotor, the anterior cingulate, and the associative somatosensory parietal cortices are the areas that have been activated in deception paradigms in which the lie item was more salient than truth [Langleben et al., [2002] ; Spence et al., [2001] ]. Together with the behavioral results, these data indicate that in the GKT2, salience of the Truth condition matched or surpassed the Lie.
Our data indicate that the left inferior frontal and somatosensory associative medial premotor areas form a network involved in generating deceptive responses under the conditions of a forced-choice model of deception. The fact that Truth-related activation was more robust than Lie contradicts the assumption that truth is invariably a default routine response [Langleben et al., [2002] ; Spence et al., [2004] ]. Nevertheless, the data still support the concept of deception as a relatively more complex cognitive function than truth-telling because of the rostral location of the lie-related activation, and given the role of the left inferior frontal and medial premotor activation in response selection and inhibition. The association between deception and inhibition could explain why involuntary discharge of information that has been described as Freudian slip is more common during increased cognitive load or reduced inhibitory control [Schulz et al., [2004] ]. Thus, the final common denominator of intentional deception could be conceptualized as a conscious act of suppression of information that is subjectively true. This may or may not be accompanied by a release of subjectively false information. Remarkably, this definition resonates closely with the Augustinian: deception is denying what is definition [Augustine, [1948] ]. If the ultimate goal of detecting a lie is collecting information about what an individual knows, fMRI can be beneficial in conjunction with activation paradigms aimed at brain correlates of semantic memory [Hirsch et al., [2001] ; Mecklinger et al., [2000] ; Nystrom et al., [2000] ]. While a potential confound in characterization of the neural mechanisms of deception, in such case salience could serve as a marker of concealed or unconscious knowledge [Berns et al., [1997] ; Tranel and Damasio, [1985] ].
The logistic regression analysis confirmed our second hypothesis on the feasibility of using fMRI for the detection of lie events in an individual. The combined AUC of all the mean values for ROIs identified by the group analysis in the Lie-Truth and Truth-Lie contrasts yielded a moderately high accuracy of 78% for the classification of individual events as Lie or Truth. The fMRI-GKT2 combination appears to be more specific than sensitive, suggesting a potential as a confirmatory test rather than a screening device. Adjustments for optimism that included bootstraps of the logistic regression indicated that very similar performance estimates would be obtained in replication. These results are the first reported formal quantification of the accuracy of fMRI-based methods for the detection of deception at the within-subject, single-event level.
Although fMRI-based Lie-Truth discrimination was possible even after controlling for the effects of salience, the effect size of Lie was reduced by matching or overmatching the salience of the Truth condition. This indicates that the accuracy achieved here is a low estimate of the potential accuracy of liedetection with fMRI. The scenario of GKT2 was of low ecological relevance and risk. A task of higher ecological relevance and risk may induce larger effects and have higher accuracy. Another limitation of the GKT2 design is the lack of free choice to lie or tell the truth on specific items. This was partially offset by allowing participants to choose the Lie item. Modeling questions and answers separately, which is beyond our current capability, may permit better discrimination of item salience from response salience. Our study examined healthy participants, and may not generalize to abnormal populations [Vollm et al., [2004] ]. Future studies could examine the effects of cognitive and pharmacological countermeasures and physiological states on the accuracy of fMRI-based lie detection.
CONCLUSIONS
In the setting of a forced choice paradigm, some of the brain activity previously attributed to deception has been driven by the task design, in particular by the relative attentional value of the comparison items. Although lie and truth are mediated by a similar frontoparietal network, lie appears to be a more working memory-intensive activity, characterized by increased activation of the inferolateral cortex implicated in response selection, inhibition, and generation. Accurate classification of single Lie and Truth events is possible within the reported forced choice model and may improve further in an ecologically relevant scenario within similar task structure. The high classification accuracy achieved under the present task confirms the feasibility of a practical fMRI based lie-detection system.
